BACKGROUND: Recent trials report the efficacy of continuous tenofovir-based pre-exposure prophylaxis (PrEP) for prevention of HIV infection. The cost effectiveness of 'on demand' PrEP for noninjection drug-using men who have sex with men at high risk of HIV acquisition has not been evaluated. OBJECTIVE: To conduct an economic evaluation of the societal costs of HIV in Canada and evaluate the potential benefits of this PrEP strategy. METHODS: Direct HIV costs comprised outpatient, inpatient and emergency department costs, psychosocial costs and antiretroviral costs. Resource consumption estimates were derived from the Centre Hospitalier de l'Université de Montréal HIV cohort. Estimates of indirect costs included employment rate and work absenteeism. Costs for 'on demand' PrEP were modelled after an ongoing clinical trial. Costeffectiveness analysis compared costs of 'on demand' PrEP to prevent one infection with lifetime costs of one HIV infection. Benefits were presented in terms of life-years and quality-adjusted life-years.
in Canada, almost one-half (46.7%) are MSM (2) . Continuous preexposure prophylaxis (PrEP) is a promising approach for the prevention of HIV infection in combination with other prevention strategies. Recent clinical trials have shown that such PrEP, administered continuously on a daily basis, can reduce the risk of infection, although results vary according to the patient population studied and adherence to treatment (3) (4) (5) (6) (7) .
In an effort to improve PrEP efficacy (treatment adherence and limit exposure to drugs), researchers have developed PrEP strategies other than administering them on a daily basis. One of these strategies is 'on demand' PrEP administration. An Agence Nationale de Recherche sur le SIDA-sponsored, randomized, double-blinded, placebocontrolled PrEP clinical trial that targets non-IDU MSM at high risk for HIV acquisition evaluated this strategy (8) . The 'on demand' protocol entails taking the drug 24 h before the first sexual encounter, every 24 h during the sexual activity and 24 h after the last sexual encounter. It may require more planning than administration on a daily basis, but could lead to inferior drug consumption per month depending on the level of sexual activity of the participant. This drugbased intervention, referred to as Intervention Préventive de l'Exposition aux Risques avec et pour les hommes Gays (IPERGAY), is accompanied by intense counselling on safe sex as well as condom distribution. IPERGAY is the first trial aiming to establish the efficacy of 'on demand' PrEP. While the clinical trial is underway both in France and in Canada, our objective is to provide an economic evaluation from a societal perspective of costs of HIV in Canada because health care costs vary according to jurisdictions, and to evaluate the potential benefits of this 'on demand' PrEP strategy (if it is effective).
METHODS
Microcosting methods similar to those used in other HIV prevention studies (9,10) were applied. All costs are reported in 2012 Canadian dollars (USD$0.98, €0.77). The cost of preventing one infection was compared with the lifetime cost of one HIV infection. This approach is recommended by the Centers for Disease Control and Prevention (CDC; Georgia, USA): "The lifetime treatment cost of an HIV infection can be used as a conservative threshold value for the cost of averting one infection" (11) .
Costs of HIV infection
To model the costs of HIV infections, an inventory of all health care inputs consumed during the course of HIV disease was created. The Centre Hospitalier de l'Université de Montréal (CHUM) HIV cohort database was used, for which administrative as well as clinical data are collected on all individuals on a per-visit basis. These patients were treated according to Quebec guidelines (12) . Data from all HIVinfected homosexual male non-IDUs were included in the present study because high-risk non-IDU MSM is the population targeted by the 'on demand' PrEP intervention of interest. Direct medical costs: Direct HIV patient care costs comprised five broad categories: outpatient care, inpatient care, emergency department care, psychosocial care and antiretroviral therapy (ART). For outpatient care, subcategories included personnel costs, laboratory testing and overhead costs. For personnel costs, time spent and wages for nursing services were included (13) , as well as fee-for-service billing from doctors (14) . During the first visit, laboratory testing included complete blood count, CD4 count, viral load, viral genotyping, HLA-B5701 genotype, lipid profile, kidney and liver function tests, urine test, blood glucose test, sexually transmitted disease (syphilis, chlamydia, gonorrhoea) tests, hepatitis, varicella and toxoplasmosis serology, as well as tuberculosis testing (15) . Follow-up visits included complete blood count, CD4 count, kidney and liver function tests, and viral load. For the inpatient and emergency department categories, average physician fee-for-service (14) and operating cost were included (16) . For the psychosocial care, the hourly wages of social workers and psychologists were included (16) . For ART, drug costs and pharmacist dispensing fees were included (17) .
Primary data on the number and type of resources consumed were collected from the CHUM database (722 patients). Resource utilization was first measured by calculating the annual average visits (or hospitalization days) per patient. This resource utilization indicator was multiplied by unit costs to obtain the total annual average resource costs per patient. This procedure was performed for the first four direct HIV patient care costs categories. For ART, the costs of antiretrovirals and pharmacist dispensing fee were summed. The total cost was presented as the average annual cost of ART per patient. The costs of different therapy lines was taken into consideration in the cost-effectiveness analysis. From a drug-acquisition perspective, the least expensive scenario was established with Atripla TM (Gilead Sciences Inc, USA) (the least expensive first-line therapy) and the most expensive scenario with the combination of Prezista TM (Janssen Therapeutics, USA), Norvir TM (Abbvie Inc, USA) and Truvada TM (Gilead Sciences Inc, USA) (the most expensive first-line therapy). Due to suggestions in recent literature, it was assumed that after one year of ART, the efficiency of a first-line regimen is compromised due to nonadherence and the development of drug resistance (18) . Therefore, the introduction of second-line therapy (Isentress TM (Merck & Co, Inc, USA), Intelence TM (Janssen Therapeutics, USA), Norvir and Prezista) was initiated at year 1 after diagnosis. At year 1, 20% of patients failed the first-line regimen; at year 2, 25% cessed first-line; and starting at year 3, incremental declines of 10% per year were estimated until year 10, when 100% of patients had made the switch to second-line therapy. Indirect costs: Indirect HIV infection costs comprised two categories: lost revenue due to employment rate gap; and work absenteeism.
The gap in employment rate was estimated by using the difference in employment rate between the general male population in Quebec (19) and the HIV-positive homosexual male population in Ontario (A Burchell, personal communication, April 30, 2013) . This was believed to be a good approximation of the gap between the male homosexual and HIV-positive male homosexual population because the literature indicates that there is no difference in the employment rate in Canada between the general male population and the homosexual male population (20) . Ontario data for employment rate (21) were used because the employment rate for HIV-positive homosexual males in Quebec was unavailable. The employment rate has been systematically lower in Quebec than in Ontario since 1976 (except for the 15-to 24-year-old age group, but this comprises only 7% of the HIV-positive population in Quebec) (21, 22) . Thus, using the Ontario data gives a conservative estimate of productivity losses in Quebec. To calculate lost revenue, the age structure for both employment rate and wages (Quebec data) were taken into consideration (19) .
In terms of work absenteeism, it was assumed that each outpatient/ psychosocial visit necessitates 4 h and inpatient/emergency care visit leads to 8 h of missed work per day. The annual average hours of missed work per patient in the CHUM cohort was multiplied by the average hourly wage for three age groups (15 to 24 years, 25 to 54 years and ≥55 years) (23) .
Costs of the intervention: 'on demand' PrEP
To model the costs of 'on demand' PrEP, the intervention proposed in the IPERGAY clinical trial protocol was used (8) . Direct costs: The costs of IPERGAY PrEP strategy includes six outpatient visits per year, including nursing costs, laboratory testing and overhead costs, as described above. The annual cost of Truvada (17), the prophylactic drug provided, was added to the total costs, as well as the cost of condoms supplied at each visit. The most expensive scenario of the 'on demand' Truvada was used in the present analysis. This scenario entails a level of sexual activity that requires drug administration on a daily basis. Indirect costs: For the indirect costs, it was estimated that 4 h of work would be missed for each outpatient visit. These 24 h of work missed per year were then multiplied by the average hourly wage (23) weighted by the age distribution of male workers and their employment rate (19) to obtain the average annual indirect cost per patient for participating to the 'on demand' PrEP intervention.
Cost to prevent one infection
The cost of preventing one infection reflects the annual average cost of the 'on demand' PrEP intervention required to avert one infection. This annual average cost is proportional to the number of participants of the 'on demand' PrEP intervention needed to prevent one infection. To estimate this number of participants, it was hypothesized that the number needed to treat (NNT) derived from the clinical trial conducted by Grant et al (4) would be equivalent to the NNT in the IPERGAY trial. The Grant et al (4) clinical trial tested continuous Truvada PrEP for high-risk homosexual males. It was anticipated that PrEP efficacy would be improved by increasing treatment adherence and limiting exposure to drugs with the 'on demand' PrEP strategy. In this context, it was believed to be appropriate to assume a NNT equivalent to, if not lower than the one derived from the Grant et al (4) trial. This NNT of 51.78 was based on the event rate of the control group (5%) and of the PrEP group (3%), and was adjusted for the length of the Grant et al (4) clinical trial (1.2 years). The cost of preventing one infection is obtained by multiplying the annual cost per participant of the 'on demand' PrEP intervention by the NNT.
Cost-effectiveness analysis
The cost-effectiveness analysis guidelines suggested by the CDC (11) were followed to provide an economic understanding of the societal costs of HIV in Canada and the potential benefits of this 'on demand' PrEP strategy. The annual cost of the 'on demand' PrEP intervention to prevent one infection was first compared (using the NNT) with the total cost of an HIV infection. The total cost of HIV infection was the annual societal cost of an HIV infection multiplied by the life expectancy of HIV-positive individuals diagnosed at 30 years of age. Thirty years of age is the median age group with the highest rates of new diagnosis in the past five years in Quebec (22) . Life expectancy for an individual diagnosed at this age is 35.2 years, according to a collaborative analysis of 14 cohort studies (24) .
The benefits were also presented in terms of life-years and qualityadjusted life years (QALY). Using the concept of utilities, life-years were adjusted to the asymptomatic HIV health state. A meta-analysis by Tengs and Lin (25) indicates that one year of life for an asymptomatic HIV patient is equivalent to 0.94 of one year of life for a healthy individual. The lifetime societal cost of an HIV infection and benefits (life-years and QALY) was presented as undiscounted, and discounted at 3% and 5%, in accordance with the Canadian guidelines for the economic evaluation of health interventions (26) . Because all costs incurred with the 'on demand' PrEP intervention are limited to the first year of follow-up, no discounting is required. As such, both discounted and undiscounted amounts will remain the same. Table 1 presents the annual cost of an HIV infection. The average annual direct cost of an HIV infection was $16,109 in the least expensive scenario and $24,056 in the most expensive scenario (most expensive first-line ART). The total indirect cost was $11,550. The average annual salary loss due to unemployment, weighted by age distribution, was $10,925, representing 95% of the indirect cost of an HIV infection. Indirect costs calculation details are presented in the supplementary data. In the least expensive scenario, the total cost for the first year of HIV infection was $27,659. In the most expensive scenario, the cost was $35,606. With the second-line therapy introduced fully at year 10 of infection, the cost of HIV infection increased to $42,197 .
RESULTS

Direct and indirect costs of an HIV infection
When multiplied by life expectancy at 30 years of age, the least expensive scenario with undiscounted lifetime costs was $1,439,984 ($662,295 discounted at 3% and $448,901 at 5%), and the most expensive scenario with undiscounted lifetime costs was $1,482,502 ($690,075 at 3% and $485,806 at 5%). Cost of 'on demand' PrEP intervention As shown in Table 2 , the annual cost of 'on demand' PrEP intervention as defined in the IPERGAY clinical trial was $12,001 per participant, and $621,390 per infection prevented. Table 3 presents the results of the cost-effectiveness analysis of the least and most expensive costing scenarios. At $621,390, the cost per infection prevented was lower than the undiscounted lifetime costs of an HIV infection by −$818,594 (−$40,905 at 3% and +$172,489 at 5%) in the least expensive scenario. In the most expensive scenario, the cost per infection prevented was lower than the undiscounted lifetime costs of an HIV infection by −$861,112 (−$68,684 at 3% and +$135,584 at 5%). The undiscounted benefits of preventing an infection were of almost 15 life-years gained (4.24 at 3% and 1.88 at 5%). When adjusted for the quality of life, the undiscounted benefits of preventing an infection were of almost 17 QALY (5.53 at 3% and 2.86 at 5%). The IPERGAY strategy was cost-saving in all scenarios, except when discounted at 5%, when the incremental cost effectiveness ratio was $60,223 and $47,338 per QALY in the least and most expensive scenarios, respectively.
Cost-effectiveness analysis
Sensitivity analysis
The analysis of the efficiency of a first-line regimen was also performed based on a different assumption. Second-line therapy for 100% of patients was introduced at year 4 after diagnosis. The number derived from this assumption lead to results similar to those presented in Table 3 . At $621,390, the cost per infection prevented was lower than the undiscounted lifetime costs of an HIV infection by −$406,977 (−$20,575 at 3% and +$193,231 at 5%) in the least expensive scenario. In the most expensive scenario, the cost per infection prevented was lower than the undiscounted lifetime costs of an HIV infection by −$438,766 (−$51,001 at 3% and +$163,641 at 5%). Table 3 presents the cost-effectiveness analysis of infections prevented at 30 years of age. Analysis of infections prevented at 20 and 40 years of age was also performed. The rate of new diagnosis among the 15 to 24 years of age group is significantly higher than the rate among the 35 to 44 years of age group. However, the latter age group has historically had the highest new diagnosis rate (22) . Life expectancy for individuals diagnosed at 20 years of age is 43.1 years, and is 28.3 years for a diagnosis made at 40 years of age (24) . At 20 years of age, the cost per infection prevented in the least expensive scenario was lower than the undiscounted lifetime costs of a HIV infection by −$651,050 (−$40,641 discounted at 3% and +$176,511 at 5%). In the most expensive scenario, the cost per infection prevented was lower than the undiscounted lifetime costs of a HIV infection by −$682,839 (−$71,068 at 3% and +$146,922 at 5%). At 40 years of age, the cost per infection prevented in the least expensive scenario was lower than the undiscounted lifetime costs of a HIV infection by −$193,800 (+$143,256 discounted at 3% and +$211,641 at 5%). In the most expensive scenario, the cost per infection prevented was lower than the undiscounted lifetime costs of an HIV infection by −$225,589 (+$112,829 at 3% and +$182,052 at 5%).
DISCUSSION
Antiretroviral drugs can be used to prevent HIV transmission. Universal HIV testing to enhance the identification of HIV-positive individuals followed by immediate treatment of all HIV-positive individuals can yield substantial benefits to individuals and affect the dynamics of HIV transmission (27, 28) . However, the deployment of such a program, with its extensive breadth and depth, presents a formidable challenge (29) . ART can also be used to protect uninfected individuals both before and after exposure to HIV infection. Several public health authorities have recommended the use of PrEP as part of a comprehensive prevention package to decrease HIV transmission (30, 31) . Although some studies have shown the PrEP could be cost-effective in certain settings, particularly in high-risk individuals, it is important to estimate the impact of such strategies in a universal health care setting, where allocation of scarce resources needs to target the most effective strategies. In this context, 'on demand' PrEP compared with continuous PrEP may be an interesting approach, limiting the use and cost of drugs with the potential of preventing similar numbers of infections. This strategy is being evaluated in France and in Canada, and we aimed to evaluate its potential cost effectiveness in our universal health care system. Very few studies have estimated the cost of HIV infection in Canada (32, 33) . Our costing estimates are in agreement with these studies. Krentz that 'on demand' PrEP, modelled assuming the same level of success as the IPERGAY trial, can be cost-saving because the net benefits (lifeyears and QALY) of the intervention are greater than current standards of care, and the cost of the intervention is less than the lifetime cost of an infection undiscounted and discounted at a 3% rate (11) . The incremental cost-effectiveness ratio of the lifetime costs of an infection discounted at a 5% rate was largely cost effective. There is some consensus in discounting practice in health economics evaluations: both public and health professional tend to choose lower discount rates in health-related comparisons than in finance-related comparisons (35) . We followed the Panel on Cost-Effectiveness in Health and Medicine recommendation and use the 3% discount rate in the reference case (36,37), but we also present the 5% discount rate. Moreover, our results are consistent with the majority of previous modelling work on the cost-effectiveness of PrEP interventions among MSM. Most authors found PrEP to be cost-effective when targeting high-risk MSM (6, (38) (39) (40) (41) . However, the models used and costing of HIV infection/PrEP interventions vary considerably among authors. One could argue that the first dimension of our cost-effectiveness analysis is not consistent in terms of time frame, presenting the costs for one year of 'on demand' PrEP versus 35.2 years of infection. We chose to analyze our results this way because we could not predict how many years a participant would use the program. However, once an individual is infected, he becomes HIV-positive for the rest of his life. We were comfortable presenting the results in this manner because in a riskmanagement perspective, the IPERGAY strategy has fixed and, thus, predictable costs over a certain period of time, whereas HIV infection costs are harder to estimate over time because they are and will be variable. Moreover, the CDC states that "the lifetime treatment cost of an HIV infection can be used as a conservative threshold value for the cost of averting one infection" (11) . Furthermore, we considered a Markov chain model not feasible, given that transition probabilities for the current situation are not available in the published literature.
The possibility that PrEP could result in increased risk-taking behaviour (ie, increased unprotected sex, number of partners, etc) with accompanying increases in health care costs was not factored into our analysis. Although the literature does not provide a definite consensus on behavioral changes (42) (43) (44) (45) (46) (47) (48) (49) (50) , the importance of behavioral interventions to accompany any wide-scale provision of PrEP to high-risk populations is underscored. In the IPERGAY trial, intensive counselling on the importance of safe sex and condom distribution is provided. Moreover, the participants are selected assuming that they do not use condoms consistently and have multiple partners. The cost of emerging resistance to Truvada was not included in our analysis because recent clinical trials failed to show any cases, suggesting that the percentage of emerging drug resistant cases would be negligible (3) (4) (5) 49, 50) .
The main limitation of our costing methodology relies in our estimates of indirect costs. We focused on the impact of morbidity on productivity losses instead of mortality because of the prolonged life expectancy since the arrival of highly active ART. Nevertheless, some authors still chose to measure the income foregone because of mortality (33, 51) . Also, the impact of morbidity on productivity could have been better estimated by a presenteeism indicator and by taking into account volunteer time and patient/family leisure time. It would have been preferable to control for variables that influence wages (ie, level of education, type of employer, years of experience, geographical location, etc.) to estimate costs related to productivity losses, but such comprehensive datasets were not available. However, we are confident that these estimates present a more accurate picture of HIV costs to society than if we had not included them (9) . Another limitation of the present study is that we were unable to estimate the non-ART drugs costs, although according to the Krentz and Gill (32) study, they should be considered to be negligible. The out-of-pocket expenses (ie, copayment) for which we could not provide any estimates should be evaluated. Even if the database from medical sites outside Montréal were not accessible, we are confident that the CHUM sample is representative of health care resource utilization in the province of Quebec because the majority (62.1%) of declared cases within the MSM population since 2002 are Montreal residents (22) . Although CHUM's non-IDU MSM HIVpositive patients database may be biased toward sicker patients, it captures the entire spectrum of health services that may be used during the course of an HIV infection, which would not be the case if we used databases from community HIV clinics.
In the context of an eventual wider implementation of the program following CDC/WHO guidelines (30, 31) , health care resource utilization may have slightly been underestimated because the MSM-IDU HIV-positive population was excluded from our analysis to abide by the IPERGAY protocol. The results of this cost-effectiveness analysis should not be generalized to other populations such as IDU or serodiscordant couples for whom PrEP is recommended by the CDC/WHO, given that the rates of HIV acquisition are lower than for the MSM group (2, 22 In summary, there are many potential benefits of 'on demand' PrEPrelated strategy for non-IDU MSM at high risk for HIV acquisition, including its favourable cost-effectiveness ratio and its reasonably predictable long-term costs. Within the next few years, the first results of the IPERGAY clinical trial will become available. It will be interesting to find out if the 'on demand' strategy results in greater adherence to the prophylactic preexposure drug, increased number of averted infections and its subsequent economic impact. 
